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Considerations on the Fower Uutput ir the X - Tile

Abstract

Estimates are discussed of the possidble gain irn power output
in the X FPile by imeressiry the smount cf metsl in the pile tegether
with a poisonirg of its oentral part, Addition of about 12 tems of
metal would brirg s met gain in power output by 40 perecent witheut
interforirzg in sny way with the operstion of the plle of ihe separstioxr

The pewsr output of the X pile is limited at present by the
sdmiesible temperature of the bottest singe It is unlikely wat anmy
other limitirg fastors, like too high temperature gradients threwk
the shield, will enmter before the output is raised to 2000 K% or more.

in view of this situatiox, the oniy practicsl sethed of in=
sreasing tho output, i.e. the preduction, without radiesl eharge of
squipnent, soxsists in imsressing the amsunt of medal in the plle.
The geins that ean be achisved in this way are twofold., Firstly, the
larger smount of meisl enteils obviously » proporiiomate imeresse in
. produetion when the meutron demsity is kept comstent, Secomdly, with
o lsrger smount of metal, the meutronm distridution in the pile ean be
flattensd out by poisonirg the eentral.part of the plle, so as %o lower
4he ratio of maximum to sversge inteunsity.

It iz the purpose of this memoranium to sstimate the possible
gains by this method sn? to determime the poisexirg requirements.

e ?hﬁr% 2 4the Plle

Optimal utilisation of & given amount of materizl is ashieveld
by redueing k in the center region of the pile to unity, whieh gives
s sorstant meutron demsity me The outer isyer should be operated at
optims) senditions in order to effect the most rapid deoresse of n
towards the edge of the pils. From s prastical point of view, howsver,
8 oylizdriesl arrssgemept is simpler %o napdle then s spheriosl oms.
ke treat thersfore the former case, in which the sentral region is
flattened out only in the radial direstiox.

%e derxotis by r, the radius of the
‘ne inmer sestior
o 73 = the radius of the setive pile
/ r, 8 r1+ 4 S redjus of pils inslude
‘ 1 e A ing refliestor sorrestiorn
< (&8 5 45 em)

k ® the lergth of the plle
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it iz sssumed thet o sarvon refiecter i¢ left at the fromi, out mot ai
the rear end of the plise
Tihw neutron distribution iz ther given by

7
a!k.g'm Z for r<r§ {is)

bo {XUre) Ip (}G’} e 3o (Ure) Be &ir) eos q.a.fur r By (b}
Bo (WFe) Ig LXTg) = Ip (MTg) kg (HEe) B7FE

whare iy and Ky are the oylimder funetions of order zero ard
——————s
MEas e (gt (2)

-3 R %)

where /\ is the isplasian of the mermal pile (2 2 10¢ x 106 ex"%;
The radii have to fulfill the relation |
¥ (Lrg) e By (re) : ) -
| I (Xmy) 3o (XTg) |
This relsticn san be used to determise r, fer any given samount apd ere

rangement of metal. The ratic of uvongn poutron density n,, over the
saximal demsity no is given by

' , + ; { é
Ty Tri® b L A Bylirg)Io(ire) = Io(awg) Yo(¥rg)
Ihe followirng table givee representative results for a mmber of
distrivations.
TABIE 1
Eatio Be/Pay of memimus to sversge meuiron dersity for verious
amounts ard arrargemsnts of metsl in X plis.
Hinimum Present
‘ | Prememt | i . axt
: shor
Amount of wetsl in pile {(toms) 35,7 27,7 e 4t & 7
Jumber of slugs per shannsl 65(30} &7 47 6& 80 43
Bumber of strimgers in ceatral :
yartian _ G G A& 10€ 144 33¢
‘iotal maber of strtmers 40C (680 460 581 576 780 89l
Ratio ng/ mav . 2e€ 2.6 2eF -5 R FC R
Qutput somparel to present
output for sam: temperature 1 075 3018 | LoD | 1,76 2ef

of hottest slwg
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12, Utilisstion of Flatvenire

The fizures in the last row of Tebie 1 give diveatlr the gair
compared tc the pressnt iecadim: for the csse thet the air fiow tharoug i
the channel is kept eonstant. This would be the omsc if the unused
shanrels are partially filled with graphite triangles so 8s %o compen-
sate for the differemse in air flow by removel of the slugs. %e mee
that an addition of edout 12 toms of metal gives a gain of avound 60
in this esass. 4i further slight gain would be sshieved bty shortenirg
she setive lemgth of the plie while inoressing 1ts redius, which lesds
%0 & more faverable shape. The maximum possible gain sshieved by
£i1l4re the whole pile with metsl (exeept for two layers of holer at
the outsdde tc provide for s reflector) is shown in the lesi eolumn of
Zable 1.

In esse the wmused holss are pligged up, the gain will be some~
what lower than indissted by Table I, simse the sir flow per chanrel will
e the larger, the smaller the musmver of ohanmels. 4An esstimate of this
redustion oar be made with the help of the date in MIGLIC=147 for the
sase that the uzused plugs sre sompletsly sealed an! thet no lesks for
the air flow exist, ¥er s slﬁ.ﬁ rature of 150° U anxd an outlet air
sempersture of TO o 7E° C (imnlet at 0° C), the followir values sre

found.
TABLL 13
edustion in Fower Uutput due to Desorease of Air
Flow st Ireresse of lumber of Open Chanmls
Nusber of opemizge a0 675 - 780 o2

Ap soross pile (“Hg0) is 16 ' 15 8
Flow per chammel (CFX) . L 5¢ 8l 4

Total sir flow throwgh _
plie (CF¥) 25000 3350C ST000 4300C

Kedustion conpared to

presert oase L+ 18- X 0482 Ce7i

bt

The redustion will mot be guite as large eas indiosted ir Zable II,
if the plugs do not give & complete sesl for the upused tubes or ir inc
presexse of leakeges.

1% is sesen from the figures of Tables 1 and I, theat the addie
tion of 12 toms of metel wili give & totsl gain in cutpul between 40 and
50 peresni, st the same slw temperstures se at preseni ani without em
ehange in souipment., The slight geime ir the ratic myy/h obtained oy
shortenins of the plile aro, however, compemsated by & redustiorn irn coci-
irr efficiemcy sc that this procedure doesz mot give en imurovemeni.
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It should be pointed sut that the sddition of more metal will
not rednee the soxssntration of preduet in the piie or overiax the
separation plant, At s fixed rate of removal of slugs for predust
sxtrastion, the additiomal metal wili simply remain in the pile for e
lomger perisd and will sstually sesumuiate 2 higher sencentration of
produet than st present,

113, Foisoriny Kequirements

The ameunt of polsonirg material per shanmel is independent of
the amount of metal ir the pile so that the sddirg of new metal san be
doxe graduslly.

Tiw Laplssian in the eentiral region will be

141 t&(g--»‘ S 18,5 x 1076
nrnm ws
g‘, L Aﬁ_gd.ﬁi«t

fzhilnma cma in k will be ther

. .{,

This -hun -um mu approximately 6.7/ gram per em lemgth of
sbeorbing materiil wish darnger cosfficient U, S.e. around 5 gm of iren
or B.7 g=n ol %Thoritin or O3 gm of Silwer per em lexgth of chanmel. The
most prastivsble way for produsing such an effect would be the imsertion
of = suitable wire {for instamse of boren steel) in the shanmels or
the inbredwetion of spasers mede of the poisoniny mmterisl tetween the
Uranius slugs, & third sethed weuld be 4o wse urarium slugs which are
partially depleted of T30, This method would provide an exoellent
utilisation of suoh material in ocase donsiderable ampunts of it besame
avalladbls,

o.¢ 17




